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Radiochemistry of Manganese
by R. P. Schuman
Department of Chemistry
Robert College
Bebek P.K. 8 Istanbul, Turkey

revised from the original text of G, W, LEDDICOTTE
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I1 NUCLEAR PROPERTIES OF MANGANESE ISOTOPES

Natural manganese consists of one stable lsotope, > SHn, atomic number 25,
This isotope 18 in the region of maximum nuclear stability; its binding energy
i 8.76 M6V per mucleon and its atomlc welght is 54.938054L) based on
12; . 12.000000. The mclear spin of >°Mn is 5/2-, Very small but detectable
amounts of radioactive 5 %(n and Sth, produced by cosmic ray induced spallation
reactions, are found in me‘beorites(z). The relative abundances of these
radicactive manganese isotopes have been used to determine both the age of
meteorites and the time since they fell to earth. The determination of these
1sotopes 1s a challenging radiochemical problem3),

Manganese isotopes fram mass number 50 to 58 have beem produced; their
properties and methods of production are summarized in Table II.l(h). The
decay schames of these manganese isotopes, as glven in the Table of Isotopes(h),
are given in Figure II,1. The most useful isotope for tracer -studies is the
303 day 5 hM.n which decays by electron capture and emits a 100% abundant 835 keV
ganima. ray. The major isotope of interest in activation analysis and flux
monitoring is 2,576 hour 56Hn vwhich decays by beta emission and emlts abundant
847, 1811, and 2110 keV gamma rays. The half 1ife and cﬁaracterls’tic gamma
rays make 56}111 an ldeal isotope for activation analysis, Becauss 5 %ﬂn decays
solely by electron capture (emltting only Cr X-rays) and has a very long half
1life, it is extremely difficult to count and can be more accurately determined
by activation to 5“?(:1(5). '

Neutron capture cross sections have been measured as a function of neutron
energy for 55&1(6). The thermal (0.025 eV) cross section of 55nn is 13.3 barns
and the resanance integral is 14,2 ba.rns(7). A capture cross section of 170
barns has been determined for >Mn‘®) using typical reactor neutrons. Fast
neutrons will produce 303 day Sl'l(n by an n,2n reaction on SSHn, and the
reaction can be used for low semsitivity activation analysis or as a fast
neutron flux monitor if the sample is free of lron, Other threshold reactions,
n,p giving 3.5 min, 5501', and n,0 giving 3.8 min, 52\7, are possible with fast
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TABLE II.1
ISOTOPES OF MANGANESE(Y)

NUCLIDE HALF-LIFE TYPE OF DECAY CAMMA RAYS HOW MADE  NOTES
Mode Energy Energy Abundance
MeV MeV ¥4
h9nn 0.k sec. , _ uncertain
SQHn 0,286 gec. .ﬁ‘ 6.61 max. 0.5].'[.'?3‘* 200% 50(:1-(p,n) prebable
%vn 2 min. p* 0.511%¥* 1988  5%zr(p,n) uncertain
0.66 25
0.783 100
111 100
1.28 25
1.5 75
511»1:1 45.2 min. p" 2,17 max. 0.S11%* 194% ?gCr(d,n) certain
1.56 cr{p,Y)
2,03
524n  5.60 day  B*  0.575 max. 0.511%% 672 §ZCr(p,l) certain
(3u%) 0.7Lk 82 Cr(d,2n)
E.C. 0.935 8l
(66%) 1.43L 100
52y 21.1 min. B* 1.63 max. 0.383 2% 5%pe decay certain
I.T. 0.511¥* 193
(2%) 1.L3L 100
5hn  1.900%r. E.c. Cr X-rays ggcr(p,n) probable
Ccr(d,n)
Shﬂn 303 day E.C. Cr X-rays sFe(d,Ot) certain
0.835  100% Hpe(n,p)
SSHn stable 100% abundant
*n  2.576 Br. P 2.85 max. 0,847 99% 55nn n,¥) certain
1.811 29 61-“e(:n,p)
2,110 15
57M.n 1,7 min. g~ 2.55 max. Fe X-rays 57Cr(o(,p) probable
' 0.01L conv. Fe(n,p)
0.122 strong
0.136 strong
0.22
0.353
0.692
58n 1.1 min. p' 0.36, 0,41 58Ife(n',p) probable
0.52, 0,57
0.82, 1.0
1.25, 1.k
1.6, 2.2
2.8



FIGURE II.Y

Decay Schemes of Manganese Isotopes(h)
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neutrons. Charged particle and photonuclear reactions, 5 SHn(p,n)s Sre (2.6 yr.),

5Sn (p,pn) M (303 d.), SMa(a,p) M (2.576 br.), and SSMn(y,n) Mm (303 a.),
(9

are also of possible intsrest for activation analysis and producing tracers ”°,

Manganess can be determined with great sensitivity and very easily by
thermal neutron activation a.nalyais(g). With reactors as the souroce of neutrons,
the sensitivity of the apalysis is of the order of 10712 grams. The relatively
high cross section of 55Hn, coupled with the ideal half 1ife and gamma spectrum
of the 56Hn eapture product combine to make activation analysis particularly
attractive, A large amount of the radiochemical work on manganese has been in
conjunction with activation analysis. With the development of high resoclution
lithiun drifted germanium gamma spectrometers, manganese can be determined by
activation analysis with either no chemical separation or a simple group
separation(lo). If highly thermalized neutrons are used, there is no inter-
ference in the analysis, but if typical reactor or radicactive socurce neutrons
are used, iron will cause & serious interference due to the 56Fe(n,p)561{n
reaction; cobalt can also interfere due to the 59Co(n,a)56Hn reaction. By
' irradiating samples both in highly moderated and hard neutron fluxes, the
interferences due to iron and cobalt can be determined and corrections made(u).
If the neutron irradiation is carried over a long time, manganese activity can
be produced from chromium by the reaction sequence 5h':?r(n,fv)SSCr(8')55!4.11(n,Y)ﬁin.
Various portable neutron sources have been used for manganese activation
analysis; 2520! is a particularly attractive source(lz). Fast, 14 MeV, neutrons
have also been uaed(lB).

A mumber of chemical separation procedures used in activation analysis are
given in section VI. Because of the increased use of high resolution Ge(Ld)
gamma spectrometers in activation analysis, the interest in manganese radio-
chemical separations 18 decreasing. Activation ana.lyaié of manganese 1s

L)

extensively used in archeology a.griculture(ls ) » _geology(lé) s and other

rields(ln s and 18 especially valuable wvhen the samples must not be destroyed,



Manganese has been extensively used as a neutron flux monitor. The reaction,
55Hn(n,y)56Hn, has been used as a neutron flux monitor from almost the time of
discovery of the neatron. For short irradiations, small samples of a dilute
alloy of Mn in Al are part.iculai-ly useful flux monltors since they minimlze the
radiation dose upon discharge fram the reactor and because of the small amount
of manganese there 1s no self shlelding of neutrons, Since 2,576 hour 56!{11
decays to stable 56Fe, and since neutron capture in 56Fe and 5 7Fe both lead to
stable iron isotopes, manganese can be used as a total integral neutron flux
monitor for very long irradiations in high fluxes; the total integral flux
being dstermined by the fraction of manganese converted to iron as determined
by colorimeitrlc analysis for iron and ma.nganese”b).

A large bath of MnSOh solution is commonly used to obtain the absolute

intensity of & neutron beam or Source(le).

The hydrogen in the solution
moderates the neutrons which are then largely captured by 55 Mn. A very
sensitive neutren monitor for weak sources and beams is a bath of KMnOh
solution. The 5 6M.n neutreon capture product is concentrated by a Ssilard
Chalmers reacticn in the 1'11'102 produced by the decomposition of the HnO)I, and
sc, by filtering the irradiated socluticn, most of the activity can be concen-

trated on & mmell filter and so counted with high semsitivity(lY),

III REVIEW OF THE CHEMISTRY OF MANGANESE

1. Introduction

Manganese campounds have been known since prehistorie times. From the
beginning, the glass industry has used manganese dioxide to remove the green
tint in glass due to ferrous silicates, and in larger amounts as a color pro-
ducer. Manganese metal was first produced by J. G. Gahn in 1774 by the reducticn

of manganese oxide by oil and charcoal(zo).

Manganese today is used extensively
in industry, especially as an alloying and deoxidizing agent for steel.

2. Occurrence in Nature

Manganese is the eleventh most abundant element in the earth's crust,
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being more abundant than such common elements as sulfur, copper, carbon, and

(21). Hanganeée is present to

sine, It comprises about 0.1% of the lithosphere
the extent of about one part per million in average river water and about one to
ten parts per billion in ocean water(zz). The manganeses brought into the ocean
1s slowly and nearly ocmpletely precipitated; the manganese nodules in the ocean
being formed in thies manner. Manganese is an essential (usually at the trace
level) constituent of living tissue, both plant and animal. Its abundance
varies from a few parts per billion to over one per centj; it is usually more
abundant in plant than animal tissue. Manganese deficiency is a cause of
disease in plants, Activation analysis has been an important tool in the
determination of manganese in biological materials,

' Manganese is one of the more abundant elements in meteorites where it has
a somevhat greater abundance than in the earth's erust. Meteorites alsoc contain
detectable amounts of 5 3Hn and 5 hH.n formed by cosmic ré.y bombardment, see
section II(23). Manganese 1s quite abundant in the sun and other stars as
shown by spectroscopy(zh) . Its abundance in the universe 1s estimated as 6850
atoms per million atoms 81(25 ). Its relatively large abundance is expected
since SSHn is one of the nuclides in the iron region abundance pea.k.(26).

_ Ha.nga.noae does not occur as the free element in mature, but is very wide-
epread in compounds and ie an essential constituent of about 140 minerals and a

minor canstituent of many more(27).

A few of the more important minerals are
listed in Table III.1. Although manganese minerals are widespread, high grade
ores are found in only a few localities, especially the U.S.S,R. (producing
nearly half of the world's supply), Union of South Africa, Gabon, India, Brazil,
and Ghina.(ze). Low grade ores are widely distributed,

3. Industrial Chemistry of Hanga.neae(29)

Actlvation analysis and tracer studies are widely used in industry, so it
will be useful to briefly outline the industrial uses of manganese, About 97%
of the manganese consumption is for metallurgical purposes: plain carbon steel,

high manganese steels, ferrcmanganese, 'ma.nga.nese' in pig iron, spiegelsisen,

10



TABLE III,.l

IMPORTANT MANGANESE HINHALS("’?)

Name  Chemjical Composition Color Use
Alabandite MnS iron-black
Franklinite (Fe,ln,}in)Fezoh iron-black ginc ore
Manganosite MnO emerald-green
Hausmannite 141130h brown-black nanganese ore
Braunite 3(:1203-1‘1!13103 brown-black manganese ore
Polianite Hn02 steel-gray manganess ore
Pyroluasite Hnoz (+ trace Hzo) iron-black manganese ore
Manganite MnOOH iron-black manganese ore
Pyrochroite m:(on)2 white, darkens
Psilomelane, Wad impure MnQ,-xH,0 brown-black manganese ore
Rhodochroaite nnc03 rose~rad manganese ore
Rhodonite Hn3103 rose manganesa ore

ornamental stone

Helvite 3(Hn,Fe)BeSiOh-}‘LnS yellow
Spessartite “n3*12(31°h) 3 dark-rad semipreclous gem
Tephroit.g )1.1'523:1.0,'L flesh-red
Piedmontite HCa, (a1 Mn) 381 301 3 red-brown .
Bementlite H10Hn8317027 gray-yoellow mADZanese ore
Inesite H, (Mn,Ca) 6516019-3320 rose-red
Solunnd ve- (Fe,Mn) (Ta,Nb),,0, iron-black Ta and Nb ore
Lithiophilite Id.(Hn,Fe)POh salmon-pink
Triplite (Fe,Hn)F(Fe,Hn)POh brown .
Hifbnerite Hnﬂbh brown-black tungsten ore
Pyrophanite Hn'l‘io3 deep red



silico-manganese, manganese in copper, alumimm, nickel, and magnesium. The
ramaining 3% is used in dry cells, glass making, eeramics, agriculture, and
other ohemloal purpoaes(za).

The major ores of manganese are listed, along with same other manganese
minerals, in Table III,1, The manganese used in iron and steel mamufacture is
usually in the form of a high manganese~iron &lloy (ferremanganese) with up to
80% Mn, or a lower manganese-ircn alloy (splegeleisen) with 15 to 20% Mn. The
alloys are produced in blast furnaces (reduction by coke)., Where low carbom
alloy is needed, & silicomanganese containing about 70% Mn, 20% 8i, 5% Fe, and
less than 1% C is produced in an electric furnace, Fairly pure manganese metal,
> 97%, 1s produced by reduction of the oxide with silicon or alumirum, or by
electrolysls .o.t‘ an aquecus sclution of manganese salts. The eleotrolytio
manganese is the purest ocommercial product with up to 99.9% Mn excluding
occluded hydrogen, Electrolytic manganese is being increasingly used for the
production of high grade alloys. |

Manganese 1s an essential constituent of many copper and bronze alloys, in
most commercial aluminum alloys, in certain nlckel alloys, and in almost all
steels. Typical low carbon steel contains about 0,2% Mn, stainless steels up
to 2,5%, and soms alloy= up to 12%, However, for muclear purposes steels with
a minimm of manganese content are required because of the high manganese
neutron capture cross section. The major functions of manganess in steel are:
to cambine with the sulfur to form insoluble Mn3 which, unlike FeS, does not
cause the steel to be brittle, to deoxidize the steel, and at times to oombine
with carbon, Manganess, since it 1s much more reactive than iron, reduces the
FeS, Fe0, FoSiOB, and re3c in the steel and gives the corresponding manganese
.compounds,

Manganese compounds are important in nommetallic products, Methyl
oyclopaentadienyl manganese tricarbonyi 18 a gasoline additive claimed to be
greatly superior to tetraethyl load(30 ) 3 the substlitution of nearly nontoxie
manganese for lead would greatly reduce the pollution due to autamobile sxhanst,

12



Manganeas at about the 0,2% level is an activator in electroluminescent phos~
phors) ¥Mn and Cu in ZnS give a yellow color, Mn in sinc silicate gives a greeam
oolorul). Manganeas is atill important in the glass industry, it ie important
in paints and varnishes, sometimes a8 a beneficial additive (drylng agemt),
sometimes as an objectionable iupnrity(jz). Manganese dioxide, which is a
falrly good conductor of electriclty, ia an :I.mp-ort.ant constitﬁent. of dry cells
and is also used as nonconsumable anodea for slectrolysis. Mangansas oxidss
are used as pigments., Manganess in small amounts is beneficial in fertilizers,

L. Chemical Properties of Manganese ' »l)

Manganess is an element of the first (3d) tramsition series, The
electronic configuration of the normal atomic state is ls2 232 2p6 352 3p6
3ds hsz » the normal state being 685 f2¢ The odd number of electrons in the 3d
shell results in an electronic paramagneti=m, and many studies of the para-
magnetic rescnance of manganese have been made, The manganese resonance
frequency 1s gplit into six lines, as expected, because of its 5/2 ﬁucloar
spin, and the intensity of the lines have been used for analysis'3d),

Mapganese has many optical emission lines of intereat in its analysis by
emission spoctroﬁcopy, flame photometry, and atomic absorption. An energy level
diagram of manganese has been published‘3%). The ionization potential of
manganese 18 7,41 eV for the first and 15.70 eV for the second electron.

Chemiecally manganese 18 rather similar to iron and its ions have about the
same radil as the corresponding iron ione. Manganese(II) will usually
isamorphously replace Fe(II) and often Hg(III). Manganese metal is considerably
more reaoctive than iron., Trivalent manganese, although forming ecmpounds
isamorphous with those of Fe(III), is a strong oxidizing agent and is, unless
complexed or insoluble, unstable disproportiocnating into Mn(II) and MnO,. In
1ts most oxidized form, Mn(VII), manganese rezembler chlorine in perchlorates,
and Mn(VI), although disproportiocnating except in strongly alkaline solutions,
resembles chromates(VI) and ferrates(VI),

Mangansse exhibits all the valences from zero to seven., Under normal

13



conditions only the +2, +, and +7 are of importance, In acid solution, the
Mn(II) compounds are by far the most stable, although very strong oxidizing

agents such as KBro, and KC10_ will oxidize Mn'' to Mn0,, and other strong

3 3

oxidising agemts like KI0, and Ag*’ wi11 oxtdize 1t to Mn0j, . In basic solutions
Mn(II) is much more easily oxidised, and even such weak oxidizing agents as
Fe(CN)2™ and E,0, will oxidize Mn(II) to Ma0,. In basic solutions, Mn(OH), is
axidized by air first to MnOOH and ultimately to hydrated Mn0,. The standard
redox potentials for manganese, both in acid and basiec solution, are given in

Table III,2, and shown in Figure III.1.

TABLE III.2
STANDARD REDUCTION POTENTIALS OF MANGANESE OOUPLES(J'&’B?)

Half-cell Reaction Oxidation States E® volts
In acid solution, B* unit activity
Mn** + 20" - Mn°® _ 2-0 - 1.20
M2t ¢+ e - Mp?t 3=-2 ~ 15
Mn(CN)2™ + e - Ma(ON)2" 3-2 - 0.2l
Mo, + L8* + 267 - ™" + 28,0 L -2 1,239
HnoE+8H"+5e'-nn”+Lmzo 7 -2 1.5%
Moo, + B ¢+ &” - Ma¥' 4+ 2H0 b-3 - 1.0
¥nop + LE' + 267 -~ MmO, + 2E,0 6 -4 ' 2.26
Mnoj + * ¢+ 3" - Mn0, + 2H,0 7<) 1,69
MoO[ + e - nno; 7=6 0.558
In basic solution, OH™ unit activity
Mn(0H), + 2" -~ Mn" + 20H" 2-0 - 1,58
Hn(OH)3 + @ - H.n(OH)2 + OH" 3-2 ~ =0,2
MnO, + 2H,0 + 2e” -~ Mn(OH), + 20H" h -2 - 0.03
MnOf; + LH,0 + Se~ -~ mn(om2 + 60H 7 =2 0.3
MO, + 2H,0 + e~ Mn(OH); + OF b -3 .~ 0a
Hnoﬁ‘ + 20,0 + o =~ MO, + LOH" 5.l ~ 0.9
MnOf + 2H,0 + 2¢° -~ MO, + LoR™ 6 -1 0.603
MoOp + 2H,0 + 3e° - MmO, + LoH™ 7=Uk 0.58
Hnoﬂ + 8 - Hnoh' 6 -5 -~ 0.3
Mpop + e - Hno,: 7=-6 0.558



FIGURE III.1
POTENTTAL DIAGRAM FOR MANGANESE(3T)

Acid Solution, H'  unit activity
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Manganese Metal

Manganese metal, as normally formed, is a hard brittle metal that can be
powdered in a mortar., It has four allotropes, alpha and beta which are hard
and brittle, gamma which is soft and ductile, and delta. The properties of
manganese are summarized in Table III.3. Gamma manganese can be produced at
rocm temperature by electrodeposition, and can be rolled into folls before it

slowly converts into the stable alpha !.‘orm(3 8).

Manganese forms many alloys;
alloys of Al, Mn, Sb, and Cu, Heusler alloys, are ferromagnetic, Alloys of
manganese wWith uranium and plutonium form very low melting eutectics and have

been studied for fast reactor za.ppl:i.cationss(3 9,L0) .

Manganese forms many inter-
metallic compounds., Chemically manganese is a highly reactive metal, reacting
slowly with oxygen free cold water and more rapidly with oxygen free warm water
to give Mn(OH)2 and hydrogen. It is very rapidly soluble in acids, even very
weak ones, giving the corresponding manganous salt, The metal burns in air and

oxygen and in the halogens; above 1200°C, it burns in nitrogen forming the
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TABLE ITI.3
PROPERTIES OF MANGANESE METAL ()

Allotrope Grystal Structure. Densi Specific Heat
. ' &fcm cal./g °C
Alpha Body centered cubic Tohl (20°C) 0.114
Beta Body centered cubic 7.29 (20°C) 0.154
Gaxma Face oentered tetragomal 7.18 (20°C) 0.1h46
Delta 0,191
 Liquid _ 6454
Transition Temperature Heat of Transition
°c cal./ g-atom
Alpha - Beta 727 ' 535
Beta - Gamma 1100 545
Gamma - Delta 138 530
Delta = Liquid _ 1215 (melting point) 3500
Liquid - Gas 2097 (760 mm boiling 53620
point)
Alpha - Gas 25 67200

C, which is isomorphous with Fe.C

nitride Hnjlz. Manganese forms a carbide, Hn3 3

apd is important in steel,
Zerovalent Manganese

Manganese forms a feow covalent compounds in whioch it is coneidered as
exhiblting the valence of zero, the best characteriszed being the carbonyl,
an(GO)lo, the dicyclopentadienyl manganese complex, (CSHS)ZHB’ and the
cyclopentadienyl carbonyl, CcHn(C0);. These campounds are too difficult to
prepare 1o be of Interest in radiochemical separations, but they are of interest
in isotope exchange studies and in Szillard Chalmers reaction studies(hl).

Univalent Manganese

A few cyanide complaxes of Mn(I) have been prepared by electrolytic
reduction of the action of very strong reducing agents on m.ng-anocyuﬁd_es
giving Na's}l_n(cﬂ)s, xsun(cu)é, m.(hz). These compounds are extremely
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strong reducing agents and liberate H2 from aqusous solutions and reduce P
and Ca** to metal., A nitrosyl compound, X in(CN) N0 15 also kmown. '
Divalent Manganese

Divalent manganese has a half-filled 3d electron shell and so is particu-
larly stable. It is both much more difficult to oxidize and reduce than Fe

+

although in many other ways it closely resembles Fe' « The ionic radius of the

Mn** 1on 1s 0.80 £, a 11ttle larger than Fe“, and as expected o™t normally
forms somewhat less stable complexes than Fe”. In acid solution almost any
operation other than treatment with very strong oxidizing agents will yield

Mn(IXI). Manganese (II) salts are, in general, stable and usually have a pale
pink color which has given the name to the minerals rhodochrosite, HnCOB, apd

rhodonite, MnS10 The hydroxide, Mn(OH)z, is oxidised in air to the Mn{III)

3
hydroxide and ultimately to hydrated Mn(IV) ox:l.de;_Hn(OH)z, however, is much
more stable than Fa(OH)2 s and is found in naturs as the mineral pyrochroite.
Manganous salts show a very s;Light tendency to hydrolyse; however in air, the
hydrolyesis of acid free mangancus salts contimes because the Hn(OH)2 produced
1s oxidized to extremely ineoluble MnOOH and Mnoz-xﬂao. The oxide, MnO, is
produced'-by the ignition of higher oxides in hydrogen and 1s stable but sasily
oxidized in alr to H'nBOh. Some Mn(II) salts of interest are listed in Table
TII.4. Of special interest to the radicchemist ars: HnN'HhPOh-Hzo which 1s
precipitated from a NH)OH plus Nl solution of M vy (H, ),HPO, , MnS which
is precipitated from an alkaline solution of HnH, even in the presence of
tartrate iem, by (Nﬂh)2s' The solubility producte of a rumber of aiightly
soluble manganous campounds are given in Table IIT.4. The anhydrous sulfate, .
Hnsoh, is produced by igniting almost any manganese campound with Hzﬂoh; it is
a suitable weighing form for manganese, The thermodynamic properties of some
manganese sompounds are givem in Table III.5(37). _
Divalent manganese has a weak tendency to form cqmélexas. Cyanide com-
plexee of the type Hn(GN),'é"' (h2) are well known but are far less stable than
ferrocyanide and are very easily axidized, even in air, te Ma(CN)]™. Very weak
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TABLE ITT.L
COMPOUNDS OF MANGANESE

SOLUBLE' SALTS
Compound  Mol. How Made Color Solubility  Hydrates
weight ] g/100g H,0 mols H,0
Manganese II Campounds
Hn(GHJCOO)z 173.02 Hn(NOJ)z-r(CHja)ZO pink()) Lo(20°C) N
MrBr, 214.76 Mn oxide + HBr rose-red(l;) 145(18°C) 6,142
MnCl, 125,84 Mn oxide + HC1 rose(l) 74(20%C) 6,4,2
¥n(C10)),  253.8L Mn(OH), + HC10) 136(25°C) 6,4
MoF, 92.93 MnO + HF pink(0) 1.06(25°) k
MnI, 308,77 MnO + HI rose-red(lj) eol, 9,6,,2,1
Mn(NO4), 178.94 Mn oxide + HNO, Pink(6) 134(18°C) 65h,2,1
HnSOh 151,00 Mn comp. + stoh rosa(5) 68(25°C) 7,55k452,1
Kth(CN) 6 367.43 Hn003 + KCN blue-vj.qlet sol, 3
Manganese III Compounds
Mn(CH3COO) 3 232,07 Hn(CH3000)2 + HnO‘: brown(2) sol, acid 2
KMnC1, 161,30 Mn,0, + HCL + KC1 red-violet  sol. decomp.
HnF3 111.93 MnI, + F, red(2) sol. acid 2
KJH.n(CN)6 328,33 xhnn(cn)6 + air } dark red sol. acid
ijm(czoh)3 436,30 HyC,0, Ix’i“"ﬂ + 00, red(3) v. sol. 3
CaMn(S0,), 379.98 Cs,S0 + Mn(CH,CO0), ooral red(12) sel. acld 12
+ HZSO&
Manganese IV Campounds
K MnCl, 345.86 m% + con, HCL dark red sol. decomp.
K MnF 247,12 MmO, + HF gold-yellow sol. acid
Manganese VI Compound
xznnoh 197.12 ¥nO, + KOH + KHO3 dark green sol, KOH
Manganese VII Compounds
NE) Mo, 136,97 purple 7.9(15°C)
ca(nnoh)2 27794 purple(9) 250(25°C) 9
HHnOh 119.94 evap, frozem sol'n, dark purple sol. 2
EMnO, 158.03 KMnO) + CL, + B dark purple 6.34(20°C)
Agino, 226,81 dark violet 0.92(20°C)
NaMnOh Ul1.93 purple(3) v. 80l, 3

§ Color of hydrate with () moles of H,0
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INSOLUBLE SALTS

Campound ~ Mol. How Made Color Solubility
‘Wweight product
Manganese II Compounds '
¥nCo, 114,94 neutral Mo + co; pink 8.8x10~ L (25°¢)
MnFo(GH)(+TE0 LL7.93 Mn™ + re(am)i™ green-white 7.9x10"L3(25°C)
¥n(oH), 88.95 Mn™" + OH™ white, 1.6x10"13(22°¢)
. turns brown
¥n(10,), kol 77 Ma"* + 103 L.8x1077 (25°C)
MaC,0, +28,0 178,98 Mn"" + c 07 pink - 10713
MnO 70,93 HI:ABOh + H, heated green
May(P0,),TH,0  LB0.86 memtral ¥ + EPO] pink - 10722
¥oNH PO, H,0 185,97 Mn'  +'NH OH + HPO} pink
¥n,P,0, 283.62 ignite MuNH, PO, -E,0 pink
Mn840 130.99 ¥n0 + 810, fused * red
ansioh 201,92 ﬂ!n‘i) + 810, fused pink
MnS 87.00 Mn"" + (NH)),8 flesh 2x10"13(25%¢c)
Manganese III Compounds
MnOCH 87.94 Mn(oH), + O, brown - 107
!!.1130).l 228.79 1ignite oxides at 1000°C red
nnao3 157,86 ignite oxides at 700°C black
¥nPO, +E,0 | 167.93 Hn(Cﬂjcoo) 3 * BgF0) grey-green
Manganese IV Compounds
M0, +xH,0 Mn't o+ Br0j or 0103 brown-black very inacluble
MnO, 86.93 decomp. 11:1(1103)2 250°C  black

_ Manganese VI Compound
BaMnO) 256,29 basic Ba' @ + H.noi gray-green 1.5x1071°

Manganese VII Compownd

Caltnd 25184 Ce” + Mno} purple 1.5x107°



VOLATILE COMPOUNDS

Compound Mol. How made Color Melting Boiling
veight point °C point °C
¥n, 0, 221,86  KMnO, + ocon. HyS0)  red 70° explodes
Hn(CSB702) 3 352,25 acetylacetone + green- volatile
Hn(033000)3 blaeck
an(CO)lo 389.96 gold
CSHSH.n(CO) 3 204,05 yellow volatile
(CSHS)ZH” 185,11 amber 245°
TABLE III.5
THERMODINAMIC DATA Fga;aggxmm copornms(37)
Compouad kca.lﬁol. l'.'cal.l‘llmm 1. cn]bjmol. »°C
Mn(o,a) 0 0 7.6L
Mn(g) 67.2 57.1 .49
¥n** (,0) -53.2 =55.1 17
MnO(c) -92.0 -86,7 1.3
Mn 0, (¢} -331.3 -306.2 36.8
Hn203(c) -228,7 -210.1° 26.)
Mno, (c) <1241 -111.3 12,68
¥n(0H), (o) -167. -118 23
MnF, () <190 =179 22,25
MnC1, (¢) -115.6 =105.9 28,26
MnBr, (o) ~92.6 -89 33
¥nI,(c) =642 -65 37
Mn3(ec) 49,5 =50.5 18.7
¥n30, (c) -254.9 -229,1 26,8
ano3(c) 21} =196 20.5
Kl(noh(e) =200,6 -176.8 .0
¥a, (C0), () -400.9
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chloride camplexes are known, MnClZ, HnCII", and anllél', the latter being stable

encugh to be weakly absorbed on anion resins from very strong HCl. Mn(II) forms
a mmber of chelate complexes, see Table III.6, for exampls, the Mn(II) chelate
with ethylenediaminetetraacetic acid which is of importance in analytical
chemistry, D.tva]_.ent manganese forms complexes with acetylacetone and oxalie
acid. Manganese (II) forms double sulfates, nitrates, and halides with a

number of metals; these compounds are very weak campleXes if they are true
camplexes at all. Mn(II) can form amin§ complexes, e,.g. Hn(NHB)?, but the

complexes are not stable in aqueous solution,

TABLE III.6
STABILITY CONSTANTS OF MANGANESE capLEXEs(3l>37)

Reaction Loglo Equilibrium
constant

Mt . K,0(1) - MooR” + H' -10.59
Mn** + P~ = MpF' 0.79
Mn** + c1- - wmc1’ 0.59
Mn'" + SO ~ MnSOy 2.26
mn*t + C,0F ~ MnC,0) 3.89
Mn*" + malonate - Mn(00CCE,,000) 3.29
Mot + 2 acetylacetone - ¥n(CH,COCHCOCH ), 9.96
G L 13.4

3+ +4 +
uo* + 5,0(1) - MooR™" + E 0,056
Mot + F- - MoF*™' 2,148
Mo3* + 1= - MaC1*’ ' 0.96
Mn* + c 0" - MnC0” - 9.98

3o 2k 27
Mn” + 2(:20fl - Mm(czo,_‘)2 16.6

3+ A 3- 2
Mn’ + 3°2°u Hn(czoh) 3 19.
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Irivalent Manganese

Simple, uncomplexed Hnj+ in solution disproportionates into Mn*" and Mn02;
however, Mn(III) forms & rumber of complexes apd insoluble compounds that are
stable, Some campounds of Mn(III) are listed in Table III.L. The oxide,
Hn203, and -the Mous-ic® oxide, Hn30h’ are stable, the latter compound being the
usual, but somewhat uncertain, weighing form for manganese, Mn(III) forms a
moderately stable manganicyanide, Mn(CN)g' (L2) » Which is much more difficult to
reduce than Fe(CN)}™ and also shows & tendency to hydrolyze in water. A phos-
phate complex, nn(52P207)3‘, is important in amalytieal chemistry, Ma(III)
forms fluoro, chloro, and sulfato (alum) complexes, It forms a mmber of
organic complexes, see Table IIT.6. Mn(IIY) complemes are nermally red to
violet, and even the camplexes tend to hydrolyse and disproportionate and are
usually strong exidizing agemts, The ion, H.n3+, i8 considered to have the
greatest tendency to hydrolyse of any trivalent catian(”).

Tetravalent Manganese

The only readily obtainable compound of Mn(IV) i1s the extremsly insoluble
dioxide which is insoluble in almost any aqueocus medium which does not reduce
it. The hydrated dioxide is the form in which manganese is precipitated in
many radiochemical separations by the addition of & strong oxldizing agent such
a8 KB::-O3 or KGlO3 to a nitric acid solution of Hn++. The dioxdide is alsc
precipltated as a scavenger during the processing of irradiated uranium fuel
by the addition of firat Hn“, then Hnol‘;. Anhydrous H:no2 , formed by the thermal
decomposition of 11:;(1103)2 is stable to above 500°C; hydrated MnO,, however, may
start to decompose at a temperature as low as 200 - 300°C. MnO, dissolves in
strong HCL to give a dark colored Mn(IV) clloro complex which gradually decom-
poses to Hn" and 012. Mn(IV) forms some Iluorc and chloro complexes such as
EMnF, and K MnCl,, and also some iodate complexes of the anion Hn(IOB)g.
Hydrated Hn02 reacts with strong a.lk&lies to form insoluble manganites such as

g0
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Pentavalent Manganese

Manganese forms a few compounds in which it exhibits a valence of five,
The recently synthesized MnOCl3(h3) and nln03 are examples,

Hexavalent Hﬂi.nese

Manganates, e.g. Kzllnoh, can be prepared by fusing Hn02 with KOH and ICNOJ.
They are stable in strongly alkaline solutions, but disproporticnate to HnO2

and HnOE in woaklj alkaline, neutral, or aclidic solutions. The Hnol: ion 1s

green. A manganyl chloride, Hnoz(:lz, has been recently prepa:ced()"3 ) .

Heptavalent Manganese

Seven 18 the group valence of manganese. Mn(VII) forms the strongly
oxldizing but stable HnO,: lon which is of great importance in radiochemistry
and analytical chemistry. KHnoh is usually prepared by fusing M.n()2 with KOH

in air or with KO and KNO_, then treating the resulting mangamate with H,S0,

3!
plus at times coxidation with 012. Permanganates are deep purple and strong
oxidizing agents. The acid, HH.nOh, 1s a strong acid like HCth and has recemtly
been prepared as a solid crystalline compound by the vacuum evaporation of a
(Lik)

frozen solution « The oxide, M.n207, has been 1solated and can be distiJJ.ed,.
usually with considerable deccmposition. The distillation of M.nzo7 is the
basis of a radiochemical separation for manganese,

Permanganyl chloride, HnOBCl, has been synthesized(h”. Permanganates
can be produced from Mn'' in acid solution by oxidation with periodate,
persulfate plus ig° catalyst, 4g'', Pb0,, and sodium bimmthate. Permanganate
can be extracted with alkaline pyridine and alkaline (C6HS)hAscl in CHClB.
Data on eame common permanganates are included in Table III.}. Permanganates
are lsomorphous with perchlorates, perrhemates, and pertechnetates, Permangan-
ate solutions are relatively stable, especially if free of Hno2 s and are used
extensively as atandard oxidizing sclutions in analytical chemistry,

When heated, Dlnoh is first decomposed at about 200°C to KZH.I-»O)_t and H.noz,

then at higher temperatures to ano3 and Hn30h.
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5. Apalytical Chemlstry of Manganese’ ")

Manganese is a member of the third group in the standard qualitative

analyeis scheme and is characterized by a sulfide, MnS, insoluble in basic
solutions, and a hydroxide, Mn(OH),, which, while ingeluble in NHhOH alone, is
soluble in NHhOH plus excess NH;; salts and which 1s slowly oxidized in air to
an inscluble hydrated oxide of Mn(III) or Mn(IV). The final test for manganese
is usually its oxldation to purple permanganate.

Emission spectroscopy is an excellent method for detecting and maldng

semiquantitative determinations of manga.nese(,"5 )

3 X-ray fluorescence can aleo
be used. Permanganate ion has a strong infrared absorption band in the eleven
micron region and infrared has been used for the ldentification of the lon.
Many extramely semsitive spot tests are lmown for detecting microgram or smaller
quantities of ma.nganoae(hé). The most common teat 1s based upon the oxlidation
to Hnol: by various oxidizing agents. An extremely sensitive, although not very
specific test, is based upon the oxidation of benzidiné to a blue color by the
MnQO, produced by air oxidation of alkaline Mn(OH)z. Another sensitive test
{0,001 pg Mn in one drop) is based upon the oxidation of “tetrabase"
‘(tetramethyl p-diaminodiphenylmethane) to a blue oxidation product by periodate
with manganese serving as a catalyst., A third semsitive (0.05 mg/liter) and
fairly specific test has been developed in which mangsnese produces an intense
red-violet color with an alkaline sclution of formaldoaxime.

Manganese can be determined quantitatively by a number of methods, The
most convenient method is a photometric method based wpon the oxidation of
manganese to H“Ol-; with KIO, or seme other oxidizing agat. If a narrow band
spsctrophotameter is uséd_to measure the absarbance, a precision of 0.5¢
standard deviation over a wide range of manganese concentration ocan be obtained
and as little as 2 pug Mn in 50 mi, can be det.ectod(h.?). The method is virtually
free of interferences., Because the method 1s cammonly used to determine
manganese ylelds in radlochemical separations, it is included with the radio-

chemical separation procedures in sectlon VI, 4 number of other photometric
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methods have been developed based upon either the color of Mn(III) complexes or
on the coleors produced in organic reagents due to oxidation by manganese cam-
pounds, Aotivation analysis is also widely used to determine manganese, and
several separation schemes are included in section VI,

Severel titrimetric methods ,. based upon oxldatlon-reduction, are widely
used for manganese, A widely used method is based upon the titration of Mn(II)
with standard pemanganate in a neutral pyrophosphate !olution(w). The
reaction is:

1Ma" ¢ Mo0] + B + 15(B,P,0.)°" - 5(Mn(R,P,0.);)>" + LR,

Since the Mn(III) camplex is intensely colored, the endpoint is determined

2-

potentiometrically. The method is virtually free of interference., Manganese
(II) can also be titrated with nno]: in a nearly neutral solution (Volhard
method) according to the reaction:

Mn*t . 20, + LOH ~ SMo0, + 2H,0
The endpoint is determined by observing the appearence of purple Hnoi. The
reaction is not quite stolchiometric and the end point 1s difficult to observe
visunally because of the precipitate of HnOz. The classical titrimetric method
1s based upon the oxidaticn of Mn'' to MnO}, with sodim bismuthate, then
removal of the excess biamuthate by filtration and reduction of the permanganate
wlth standard ferrous ammonium sulfa.te(w) « The reactions are:

2™ » sNaB10; + LR - 20; + 1T+ 7RO + 5N’

Mooy + 5Fe*” 4+ BE' - Ma'* + 5ReT 4+ L
Most commonly an excess of standard Fe'' is added and the axcess titrated with
standard psrmanganate, ferrous o-phenanthroline or the appearance of the purple
of Hnoi being the indicator. 4 large pumber of materials including cerium,
cobalt, chramium, nitrous acid, fluoride, and chloride interfere, As an
alternate procedure, the permanganate can be treated with standard arsenits,
Another titrimetric method is based upon the oxidation of the Mn'" in boiling
E,80, - H;PO, solutdon with (NH)),8,0y and Ag” catalyst, then titration of the
Hnoiwith standard arsenite. The reactlions are:
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++ -

2n"" + 58,05 + 8H0 ~ 2Mn0p + 1080, + 168"

mmol:osAsoé'+6H*~2nn“+sAao;+3azo
The end point can be determined by the disappearance of the purple H"Ol: color
or potentiametrically, Fewer elaments interfere than with the Fo'' titration.
Manganese can be determined by titration with et.hyldz‘diaminetet.rucetic aecid
using Eriochrume Black T as the indicator, Complexing with cyanide will prevenmt
interfersnce by Hg, Cd, Co, Zn, Cu, Ni, and Fe.

Manganese 18 determined quantitatively by emission spectroscopy, flame
photometry, atomic absorption, and X-ray ﬂ.noresoence(gl). It can be determined
polarographically. A4 mmber of gravimetric methods have been developed but are
seldom used because other methods are much faster and less subject to inter-
ference. The gravimetric methods make use of the precipitation of manganese aes

'Mnlmhpoh-nzo, MnS, and Mn0, and ignition to H112P207, Hnsoh, or M0 ; all of
these precipitation methods have been used in radicchemical separations,

6. Dissolution of Manganese Sungles(j'h)
Inorganic Materials

The dissolution of mangenese minerals and ores can often be _a.cccmpushod
by acld attack followed by KAS0, or Na,CO, fusion of the insoluble residue,

The dissolution of Hn02 1s greatly facilitated by the addition of a reducing
agent such as H202 or 302'. The diasolution method is often dictated by what
other elements are present in the sample and what elements in addition to
manganese are being determined.

Mangenees metal is very readily soluble in dilute acids., Most steels and
cast irons can be disaolved in HN03, HC1, stoh, or aqua regia, Tungsten stesls
may require HJPOh. Some high temperature alloys containing major amounts of
Ni, Co, Cr, W, and Nb are very difficult to dissolve and may require fusion with
1‘1&202 or anodio electrolytic attack. An interesting dissolution technique fer
analyzing inclusions in steel 1s the solution of the metal in cold F912 solution

which leaves the oxide inclusions, FeQ, MnO, 8102,'A1203, ete, mttacked(so).
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Organic Materials

Biological samplee are usually either wet or dry ashed before analyzing for
manganess, Ignition of dried plant material, grain, feeds, fruit, etc., at
about 525°C in a porcelain or platinum crucible and digestion of fertilizers
with stoh and HNO3 1s recommended by the Association of Official Agricultural
Ghanist.s(s 2). Wet oxidation is becaming more popular for destroying organie
matter, Bilological materials, grasses, feces, body tissues, etc., are boiled
with HHO3 in a Kjeldahl flask then finally fumed with I-INO3 P
intermediates and rubber chemicals are treated with HESOI;’ HNO3, and H,0,.

1lus HCth ; dye

Petroleum and petroleum distillates are wet ashed preparatory to analysis for
manganese and other trace metals} I:INO3 + stoh digestion is used for analyzing
paint driers for manganese, Manganess organcmetallic campounds, e.g. gasoline
additives, are decomposed by ultraviclet radiation, bromine oxidation, and
sometimes by watsr alone.

7. Separstion of Hanganese()

Precipitation Methods

The most generally used and quite spescific method for separating manganese

is 1ts precipitation as hydrated Mn0, from a boiling HNO, solution of Mn"" by

3
adding bramate, chlora_te, or persulfate oxidizing agent. The Mno2 a0 formed
carries 31, W, Ta, Nb, and Pa nearly quantitatively and often is also ocontamin-
ated with Zr, Fe, Sb, and other elements which hydrolyze easily, The Mno2
precipitation is usually not quite quantitative., Preoipitation of M.n02 may be
made from nearly neutral solutions by oxidation with Br2. Manganese, even at
trace level, can be electrodeposited an the anode as Mno, (53).

Iron (III), alumimm, girconium, and other elememts with very insoluble
hydroxidea can be precipitated with NHhOE in the presence of excess ammonium
salts, leaving Mn(II) in solution. Some manganese is usually prscipitated
since the Mn(II) is alr oxidized to very insoluble Mn(OH) 3 however, the air
oxidation can be prevented by the addition of hydroxylamine hydrochloride te

the solution., After filtering or centrlfuging out the insoluble hydroxides,
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manganese can be precipitated from the same solution by the addition of an
oxidiring agent, e.g. 3202.

The precipitation of manganese as Mn3 from a slightly basic sclution of
m*t o+ NH: with H,8 or (Nﬂh)zs will separate manganese from alkaline earths,
The acid insoluble sulfides, including ZnS, can be first precipitated from a
ﬁdak acetlic acid solution. The precipitation of H::xO2 with NaOH pluse 5202 will
separate manganeae from 41, Cr, Mo, V, and other amphoteric elements which form
alkali soluble salts. Many elements, Fe, Ni, Cu, Zn, Cr, etc., can be separated
from Mn by quantitative deposition in a mercury cathode; under propefly con-
trolled conditions, Mn can also be quantitatively deposited.

Other precipitation separations are scmetimes used:. Fe(III), Ti, Zr, and -
V can be precipitated with cupferron leaving Mn in solution, MHhPOh-HzO can
be precipitated from clitrate solutions leaving Co in solution, CoS and Ni3 ean
be precipitated in the presemce of pyridine leaving Mn in solution, Fe(III) can
be precipitated as a basic formate using urea with Mn remaining in solution,
Complexing with EDTA and othar chelates prevents the preclpltation of Mn during
the h?dro].ytic precipitation of Nb and Ta. Fe(III) can be precipitated with
pyridine leaving Mn in solution.

' Manganess(VII) can be separated by precipitation as tetraphenylarsonium
parmanganate. Perchlorate, perrhemate, etc., can be precipitated before ths
manganese is oxidized to nnoi.

Volatilization Methods

Manganese, as Hn207, can be slowly distilled from 10 M HZSO)4 containing
im0, 55),

Solvent Extraction

Solvent extraction has been extensively studied as a method for separating
na.nganoae.. Manganese does not form very many axtractable complexes, and often
other elements are extracted away from the manganese, e.g, Fe(III) from HCl with
ether, Singcs manganese exists in several v&ieness, it is oftem possible to

adjust ths valence eo manganese will or will not axtract, Several solvent
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extraction ssparations for manganese are glven below:
a. P !dine(56)

Add pyridine to a solution containing HnO,:, shake, add )4 N NaOH, shake a
few seconds and cemtrifuge. Hnol: extracts, Speed is essential since pyridine
slowly reduces Mnol: to nonextractable H.nol:. HaO}:a.nd 'roo]: also extract.

b. 8-Quinolinol (8-hydroxyquinoline) (56)

Take 50 ml of solution with up to 0.2 mg Mn and 10 ml 10% NaK tartrate,
adjust to pH 7,5 - 12.5, ©Shake 1 min with 10 ml lﬂIB-quinolinol in CHClB.
Mn(II) complex extracts; Fe and Cu interfere. '

c. Tetraphenylarsonium Chloride (56,57)

Make the solution alkaline with NaOH, Oxidize Mn to Mnoﬁ with K,8,05.
Aﬁd 1% (céus)hucl solution to make solution about 5 x 10-5}{. Extract 5 min,
with an equal volume of 050131 Mn extracts quantitatively as (061{5) hAaHnOh.
Reoi, Tcoi;, 010): also extract, but can be removed by extraction before the
manganess 1s oxidiszed.

d, ]):I.e‘r.l:;yld:l.‘I'.l:t:l.ocaa.:l:-bam.a.‘l'.e(5 8)

Use 175 ml of solution with some citric aecid, adjust the pH to about 5.3,
add 0.4 g Na diethyldithlocarbamate (DIECA), adjust pH again to 5.4, and extract
with 25 ml GHC].3 readjusting the pH by adding HC1,

o, Thenoyltrifluorcvacetone (59)

' Manganese(II) TTA complex can be extracted from fairly high pH solutioms.
Buffer the solution with NHhC H 02 plus NaOH to give a pH of 8.0 - 8.5. 4dd a
little hydroxylamine hydrochloride to prevent air oxidation of Mn(II). 4dd a
little TTA (0.1 M in alcohol) and extract with ethyl acetate for 2 to 3 minutes,

Many other solvent exiractlon systems have been used for extrecting
manganese and separating unmwanted elements from manganess. The aepa.rat:l_.on of
Fe and Mn by thioocyanate extraction with tributylphosphate has been studiod(éo);
1-phenyl-3-methyl-li-hexyl-pyrazolone-5 has been used to complex Mn (depending
upon pH) se that 1t will extract into methylisobutyl ketane®1), Octyl-a-

analinobensylphoaphonate in ligroin has been used to extract Mn from 1-.'230h
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(62)

solution « The long chain amine, alamine 336, has been used to extract

manganese from 8sdlutions highly salted with LiCl, ete.(63). Cupferron has besn

used to extract ma.nga.nese“h). Dithizone has been used to quantitatively

(65

extract trace Mn from seawater Manganese has been extracted from a pH 2,7

solution by di-{2-ethylhexyl) phosphoric acid in hm:ane(“).

Ion Exchange
Divalent manganese in strong HCl is weakly absorbed on strong base anion
exchange resin, and manganese can ‘thus be separated from those ions that are

+

not absorbed at all (Cr°t, a13%, T*, Ni**, and trivalent rare earths) and those

ions that are strongly absorbed (F03+, 00;', wo;, Co“',_ T13+, and noble
metals) (67). Anion exchange separations have been worked out in other media,

(68) s acetone plus HC1 in water(69 ) s ethanol plus HC1 in watu'(70).

oxalio acid
Because Mn*" is normally so weakly absorbed, the separations are not very useful
for concentrating manganese, A weakly basic anion resin has been used teo
concentrate Hn” in natural waters prior teo am.lyuis(n).

Divalent manganese is quits strongly adsorbed on cation exchange resins,
Cation resins (sulfonic acid type) have been used to concentrate manganese
from dilute NHhCl plus (mh)th solutiona(Tz). In ganeral, cation resins
have not been widely used to separate and concentrate manganese.

A chelating resin, Chelex 100, has been used to concentrate manganese and

many other trace elements from seawatea-(73 ).

Other Chramatographic Bsparations

A mmber of other ohromatographic separation methods have been uped for

manganese, Paper chrama.togmphy”h)

has beasn used to separate mangsnese and
other elements for both radiochemical and analytical purposea. The manganese
is detected by the formation of insoluble llmj(Poh)2 (containing 32P) in the

paper(75 ). Metal TTA complexes have been used with solvents containing CH_OH,

. 3
CgH, and glaetal cnjcoon("é) to separate Mn from Fe, Co, Ni, and Cuj 80%
methyl-n-propyl ketone, 10% acetone, and 10% ECl, also, acetone plus 5% H,0 and

84 HC1 have been used as solvemta“h).
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Partition chromatography has beean rather more extemsively studied. A

columnn made up of °°1h ~dithizone sclution supported on cellulose acetate has

(11

been used to separate manganese from natural watera The manganese 18

eluted with 1 M HCl. Kel F supported tri-n-octylphosphine oxide(78) and teflon

(79)

supported tri-n-octylamine have also been used.

8. 8silard Chalmers Reactions with Manganese

Because of the use of permanganate solutions and the Szilard Chalmers
concentration of the 561411 on Mno2 for the standardization of weak neutron
souroes, many studies have been made .of the partition of manganese activity
between the M0, decomposition product and the unaltered MnO,:(BO). The
activity 1s almost all collected on the Mr102 if the pH of the solution is less
than about 11, Even when solid lcunoh is irradiated, only about 35% of the
activity is retained with the H.nO): 1f the salt is dissolved 1n a solution with
a pH of less than 11. Szilard Chalmers reactions have been recently studied in
dilute solutions of }h2(00)10 and CSHSH.n(CO)B(al), and on crystalline
ciin(eo) (%),

Radiolsotope exchange has been used to study the structure of
nn(cn)sno3‘ (83)

IV HAZARDS AND PRECAUTIONS
Manganese is relatively nontoiic in most of 1ts compounds, and very few
(8L)

cases of manganese poisoning are known However, workers exposed to large
cancentratione of manganese containing dust have been known to be polsoned.
Manganism in its earliest stages results in muscular incoordination, general
lagsitude and sleepiness, and certain emotional disturbances such as uncon-
trollable laughter or crylng. If the exposure to the manganese dust is
contimued, the polsoning will cause permanent crippling but apparently does not
shorten the 1ife span., An average concentration of 6 mg., of manganese per cubic
meter of alr 1s considered safe for an eight hour work day. Relatively large

doses of manganese compounds taken orally are required to cause polsoning.
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Manganese ie an important trace constituent of food and the normal dally intake
is about 10 mg., Activation analysis has been used to compars the manganese
contents of different body fluids in normal people and people suffering fram

manganese polsoning (85) .

Since manganism results from exposures to large
quantities of dust, the handling of normal laboratory amounts of manganese 1is
essentially without chemical hazard. Certaln manganese compounds, e.g. I'IanO7
and NHthoh’ are axplosive. '

4 major hasard in the radiochemical studies of manganese is the radiation
due to 56nn. 8ince manganese has a relatively high cross section and 56Hn has
a fairly short half life and many abundant garma rays, quite large activitiea
which give off large gamma doses are easlly produced. Any sample containing
manganese and irradiated in a moderate neutron flux should bs very carefully
surveyed before any work 1s started, The gaxma rays frem 56M.n are difficult te
shield. A sample of about 50 mg. Mn irradiated for 2 1/2 hours in a flux of
10%3 n/cmzseo. will give a gamma dose, unshielded, of about 1 R/hr. at one
foot (30 cm.). :

As lngestion hagzards, SZH.n, Sl‘nn, and 56H.n are roughly equal, The
recommended maximum permissible concentration of both soluble and insoluble

forms in air and water are given in Table IV.l(Bé).

Some recent studies of the
biologlcal half life of radiomanganese in man show two half lives, one of about
four days (30% of the Mn) and one of about 39 days (70% of the Hn)(87).

Any work with radiocactive substances should be carsfully planned and proper
safety precantions taken, BSamples should be adequately monitored and care taken
to prevent the spread of contamination. A good reference on safety procedures

is included in the Oak Ridge Master Analytical Ha.mml(ae).

32



TABLE IV.l
MAXTMUM PERMISSIBLE CONCENTRATIONMS OF MANGANESE ISO‘I‘OPES(aé)

Isotope Body Burden Lohr. week 168hr. week

uCi in H,0 in air in HoC in air
' uci%ﬁ uci/cn3 Lci%rﬂ HC1/em3

524n  sol. 5 1073 2x0”7 mo¥ 7o’
5.6 d, 1insol. 9::10'h 1077 3::10‘ll 5x10'8
Shyn  eol. 20 0™ o™l 1073 1077
303 d. insol. 3107 Lxio™S 1073 1078
56un  sol. 2 ux10™>  8x10~! 10~3 3x10™"
2,6hr. ineol. 30~ sao~’ 107 2x0~7

V COUNTING TECHNIQUES

411 of the radioactive isotopes of manganese except 1.9 x 106 year 5 3Mn
dec;.y by the emlssion of gamma rays of high abundance, so gamma counting, either
with NaI(Tl) orystals or Ge(Ll) dectectors 1s the most commonly used method of
determination, The isotopes can also be counted using Gelger Mifller or flow
proportional counters., An excellent discussion of counting tech.nidues is given
in the monograph by O'Ke]_'l.ey(89) and the book by Johnson, Eichler, and
0'ke11e7879),

R, L. Heath(9l) gives scintillation gamma ray spectra of most of the
radicactive muclides including 5.6 day Saun, 303 day Shﬂn, and 2,576 hour 561{1:.
His scintillation spectira of 5 ZMn and Shﬂn are included in this monograph as |
Figures V.l and V.2, A scintillation spectrum of Séﬂn, taken at a somewhat
greater source to deWr distance in order to minimize sum peaks, 1s given as
Figure V.3, Heath also describes methods of absolute counting using scintil-
lation counters and gives counting efficiencies, peak to total ratios, and
abaorption correctiocna for gamma rays of different energies and for different
counter gecmetries., The total gamma emission rate (photons peﬁ:' unit time) is

determined by dividing the integrated area of the photopeak (counta) by the
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counting time, the counting efficiency at the known geometry, and the peak to
total ratio., Corrsctions also need to be made for the fraction of the gamma
ray transmitted through all absorbing material such as added beta abesorber,
crystal housing, and if the sample is thick, the sampls itself, By using
Heath's efficiency curves, absolute gamma emission rates can be determined to
better than 5% standard deviation. Since 7.6 ecm x 7.6 em (3" x 3") cylindrical
| erystals and 10 cm source to detector distaneces are rather standard, Heath's
values of_ the overall counting efficlency and the peak to total ratios for some

of the manganese gamma rhys are given in Table V.1, Heath gives the values for
(91)

other size crystals and source to detector dlstances

TABLE V.1

COUNTING EFFICIENCIES FOR MANGANESE GAMMA FAYS USING A
7.6 em x 7.6 cm CILINDRICAL NaI(T1) CRYSTAL
AND A 10 cm SOURCE TO CRYSTAL DISTANCE(IL)

Isotope Gamma Ray Peak to Total Garma Counting
Energy. MeV Ratio Efficlency

Positron EBnitters 0.511 0.6la 0.0217
 0.783(100%) 0.492 . 0.0192
2 ntd, *ta L1l (1008) ~ 0.395 0.007)
5 0. 7hli(82%) 0.506 0.0195
5.60 day ~2Mn 0.935(8L%) 0.140 0.0183
1.434k(100%) 0.335 0,0161
303 day Slygy, 0.835(100%) 0.h7h 0.0189
5 ' 0.848(99%) 0.470 0,0188
2.576 hour Mn 1.811(29%) 02290 0.0152
2,110(15%) 0.262 0.01L6
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The most accurate method of determining ‘bht; amount of an isotope by gamma
counting 18 by comparison with a standard; relative gamma activities can be
determined to better than 1%. The most accurate determinations also require
radiochémica].‘l.y purs samples, However, by using scintillation counting it 1ia
often posalble to resolve the composite spectrum of several nuclides into those
of the individual components; thus, it 1s often possible to determine 5 6Mn
acourately in lmpure samples. Computer resolution of composite scintillation
spectra 1s cammonly done especlally for routine a.na.lyaia(92) .

. The use of high resolution lithium drifted germanium detectors has made the
accurate determination of gamma emitters in impure samples much easier and more
accurat.e(93). Typical Ge(Li) detectors are much smaller than NaI(Tl) crystals
and thus have much smaller counting efficiencies.. Also, germanium has a lower
atomlic mmber than lodine so that the ratlo of the photoelectric process to the
Compton process is smaller, However, the mich higher resolution of the Ge(Li)
counters makes the gamma ray photo peaks stand up much more clearly above the
general background due to the Compton effect, Thus gamma rays with relatively
minor abundances can be easily detected and often have their abst;lute counting
rates determined with fair precision. The peak counting efficiency (integrated
ocounting rate in the photo peak divided by the gamma emission rate) at a
particular reproducible geametry can be determined by counting gamma standards,
and a curve of peak countlng efficiency vs, gamma energy for a particular
detector obtained. Absolute gamma disintegration rates can be determined with
a preclsion of about 5% from such a curve, Since for activation analysis é.
atandard is bommnly irradiated with the unknown, greater precision can usually
be obtained. Lithium drifted germanium gamma detectors will easily resolve
gamma rays that differ in emergy by 5 or 10 keV and allow the intensities of
each ray to be measured,

A lithium drifted germanium gamma spectrum of 5 GH.n is shown in Figure V..

3 planar detector using a 102 chamnel

The spectrum was taken with a 2 cm
analyzer. It clearly shows the single escape (SE) and double escape (DE) peaks
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FIGURE V..
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fran the higher energy gamma rays., The spectrum can be compared with the
NaI(T1l) spectrum shown in Figure V.3 which was taken on the same sample.

If Ge{Ll) counters are used, the major gamma rays of 56&1 can usually
be seen without chemical separation on most neﬁtron irradiated rocks and much
biological material., A major interference 1s often sodium (15 hr. 2)"Na) and a

single precipita.tiﬁn of l‘InO2 from a nitric acid solution plus KBrO3 or KGlO3
will usually be adequate to remove Na and some other interferences. Lithium

. drifted germanium gamma spectra, because of the axoellent energy resolution,
lend themselves to computer processing and analysis of the data. Even though
germanium detectors have very high resoclution, it 1s essential to éheck that
there are no interfering gamma rays, especially if computer data processing
is being used. Thus if manganese is being determined on a new type of sampls,
it would be well to check by following the decay of the gamma peaks and by
dolng radiochemical separations to be sure there are no interferences,

Beta partic1§ counting can also be used, especlally for 5 6M.n, and has the
advantage that it requires a minimm of equipment. The most cammonly emcoun-
tered muclide, sé)ln, emits mainly energetic beta rays: 2.84 MeV (47%), 1,03
MeV (3%), and 0.72 MeV (18%). Two other nuclides, L5 min >Mn (emitting 2.17
MeV positrons 97% abundant) and 21 min 52”'Hn (emitting 2.63 MeV positrons 92%
abundant) emit high energy particles, These three muiclides could, therefcre,
be counted and aa.mplé self absorption corrections made fairly easily. The
muclide, 5.7 day Szﬂ.n decays about 2/3 of the time by electron capture but does
emlit positrons, 0,575 MeV (33%). Both 1.9 x 106 year 53n and 303 day Sl‘un
decay entirely by electron capture (5 l"M.n does have a 100% 835 keV gamma), but
cari be counted with fair efficiency with an argon beryllium window flow or
G.M. counter, Self absorption correcticns are very difficult to make for the
weak 5.4 keV Cr K X-rays from manganese elsctron capture and also correctiﬁnl
need to be made for the ratio of K to L capture. Speoial equipment has been
developed to count weak K-rays in the presence of a high energy gamma ray
ba.ckground(9 h). High resolution lithium drifted silicon photon counters wit.h
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beryllium windows are particularly valuable for counting low energy X-rays,
Those manganese isotopes emitting both particles and gamma rays can be advan-
tageously determined by LT beta-gamme coincidence ¢:01.mt.1.ng(95 ).
The nuclide 56}1:1 emite some high energy gamma rays, 2.110 MeV (15%),
| 2,520 MeV (1.2%), 2.950 MeV (0.L%), and 3.390 MeV (0.21%) which have sufficient
energy to produce photoneutrons from beryllium and, except for the first,

deuterium, The counting of photoneutrons produced in D,0 has been used to

2
determine 56Hn in activation a.nalysis<96) .

VI MANGANESE SEPARATION PROCEDURES

A mumber of methods have been used to separate and purify radiocactive
manganese for activation analysis, tracer production, reaction yield deter-
minations, and analysis of radioactive contamination. Standardized manganese
solutions to be used as carrier can be prepared by dissolving & known amount
of manganese, either high purity éleot.rolytic manganese motal or manganese
sulfate ignited to 500°C, in dilute nitric acid and making up to volume, If
the purified manganese from the radiochemical separation is Hn02 s 1t is best
to standardize the carrier by precipitation and weighing of Mno, since the
_' dioxide is not quite stolchiomeiric and still contains a little water when
dried at 110°C. Manganess carrier can also be standardized by titrimetric or
colorimetric methods, see Ssction 3.

The methods that are included here have not necessarily been checked by
the author, Procedure 1 is a general procedure which 1s fast and easy to
carry out but which gives a relatively poor separation from a number of other
elanents, The additicnal steps in procedure 2 have beem inocluded to separate
these contaminants. Procedure 3 is essentlally procedure 1 applied for acti-
vation analysis. Procedures L, 5, and 6 are brief ocutlines of some solvent
extraction separations used for activation analysis, Procedures 7, B, and 9
are taken from the previous edition of this monograph, Procedure 10 ia the

etandard colorimetric analysis procedure for manganese and will be useful for
Al



determining chamical ylelds.
Procedure 1
Introductions

The precipitation of hydrated Mn0, from a HNO, sclution of Mn** by

3
oxidation with KBr0. or NaClO. is the most widely used separation method for

3 3

manganese, It will separate manganese fram most other elements; however, 5i,
W, Ta, Nb, and Pa are almost quantltatively carried and the precipitate will
carry apprecieble amountes of Fe, Zr, Ni, Co, V, and Sb. The precipitation 1s
usually not quite quantitative, EHowever, it is a very fast and useful step to
concentrate manganese and separate it from most contaminants, and it will
probably be the only step necessary 1f the activity is being counted with a
lithium drifted gemmanium counter,
Sources

8tep cammon to moat procedurea, see I.odd:l.oo.tt.o(w).

Matsrial Analysed:

5 hH.u or “ﬁn for activation analysis or analysls of contamination.
Reagentas

Mn carrier, 10 mg/al Mn as nitrate (Note 1.)

HNO. cone.

3

KBro, solid
Hold back carriers, about 10 mg/ml

lmo3 6N

Hy0, 0%

Ethyl alochol, 95%
Procedures

Step 1. Dissclve sample in &N to conec. HNO, (Note 2). Add about 20 mg
Mn carrier, Add Fe(III) and Zr(IV) holdback carriers, Dilute to about 20 ml
with 6N Hm3.

Step 2. Add about 100 mg solid EB:'O3 and heat to boiling, HnOz_lr.U.'l.
precipitate and be ceagulated by the heat, Cool. (Note 3).
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Step 3. Centrifuge and discard supernate, Wash precipitate several times
with 6N HﬁOB. Go to step L or 5 depending upon purity desired.

Step L. Dissolve Mn0, in 6N I-INO3 plus minimm H,0,. Boil to destroy
aexcess H202. Repeat steps 1 through 3. Go to step 5 when sufficiently pure.

Step 5. Slurry MnO, with 0.1N I*INO3 and filter onto welghed filter paper
disk about 2 em diam. Use a Hirsch funnel or a sintered glass filtering
apparstus, Mh precipitate with water and alcohol, dry at 100°C and weigh as
Mno, .

Notes:

l. Standard Mn carrier can be made by dissoclving an accurately welghed
amount of $9.9% electrolytic Mn metal or MnS0; heated to 500°C in a little
dijute HNO3 and making up to volume., For best accuracy standardize as MnO2
dried at 100°C.

2. Avold excess chloride or sulfate since they temd to complex Mn and the
chloride also reduces Mn(IV).

3. NaCl0. can be used instead of KBrO

3 3
Mn more slowly but gives a more filterable precipitate,

as the oxidant, It oxldizes the

Procedure 2
Introductions
In thie procedure for the separation of manganese from fission-product
solutions, manganese 1s finally precipitated as H.nNHhPOh_-HgO after standard
decontamination steps. No detectable contamination was found in the manganese
1k

separated fram 2,5 x 10" fissions cne hour old.
Scurces
This precedure is taken from B, P, Baymrst and B, J. Prestwood in the
Collected Los Alamos Badiochemical Procedures‘’S),
Reagentat
Mn carrier, 10 mg/ml Mn as MnCl, in H,0, standardized. (Note 1).
W carrler, 10 mg/ml W as Na,Wo, *2H,0 in H,0.
Fe carrier, 10 mg/ml Fe as FeCl, in 1M HCl.

L3
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Pd carrler, 10 mg/ml Pd as PdCL,*2E,0 in 1M EC1,

Zr carrier, 10 mg/ml Zr as ZrOCL,*8H,0 in 1M ECl.

HCl, cone. and &M.

HNOB, conc.

CH.COOH glacial.

NEhOE, canc,

NaOH, 10M,

H'ZS gas. .

Na.BrOB, saturated solution.

(Nﬂh)Zs 20% solution.

(NHh)ZEPOh, 1.5M.

Aerosol, 0.1% in H,0.

Dowex AG 50-Xl, 100-200 mesh catlon resin,

Dowex AG 1-X8, 50-100 mesh anion resin,

Ethanol, absolute.
Procedures

Step 1. Add the sample to 2 ml Mn carrier in a 4O ml conical centrifuge
tube and adjust the volume to about 20 ml with eonc, HN03.

Step 2. Add-5 drops W carrier and heat on a steam bath for 5-10 min.
Centrifuge, transfer the supernate to a clean centrifuge tube, and repeat ti:e
W scavenge.

8tep 3. To the supernate from the second W scavenge add 3 ml satd. N.‘i.B:l'O3
and heat on & steam bath. -Mno2 begins to precipitate and the sclution fizzes,
Carefully add another 3 ml NaBrO3 and heat on steam bath for a total of about
10 min. Cocl, add H,0 to fill tube, cemtrifuge. Discard supsrnate, wash
precipitate twice with H20 discarding washings,

Step L. To the precipitate add 2 drops Fe carrier and 6 ml conc. ECl and
boll down to @ volume of about 3 ml. Dilute to 20 ml with H,0, add canc.
NHhOH dropwise until Fe(OH) 3 precipitates, and then 1-2 drops in excess, Heat
‘'on & steam bath for about 2 min and cehtrimge. Tre.nsfef-supemate to & clean
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tubs and repeat the Fe acavenge. Centrifuge and transfer second supernate to a
clean tube,

Step 5. Add 2 ml of 20% (NHh)ZS, heat for 1-2 min on a steam bath and
oentrifuge saving MnS preéipita.te.

Step 6. To the pracipitate add 5 ml glacial CH_COOH and boll over a flame,

3
Add 5 drops Pd carrier, dilute to 20 ml with H,0, place on a steam bath and
bubble in B.ZS. Centrifuge and save supernate in a e¢lean tube, Repeat the
scavenge with 5 more drops Pd carrler and again save supernats, _ |

Step 7. To the supernate add 3 ml of 1.5M (Nﬁh)zﬂi‘oh and about 5 drops
canc HC1 and boll, Add 2 drops Zr carrier, centrifuge, and save supernate,
Repeat Zr scavenge and again save supernate,

Step 8., To the supernate add conc.NH) O dropwise until HHNHhPOh'HZO
precipitates and then heat on a steam bath for 3-5 min., Cool, centrifuge, and
discard supemate._ Wash precipltate wlth water,

Step 9. Diassolve the precipitate in 2-3 drops cane. HCl, dilute to 5-7 ml
with H,0, and place on a Dowex AG 50-Ilj, 100-200 mesh cation resin column
(6 mm diam, 3 am. long). Rinse tube with H,0 and add rinsings to column, Wash
column with 2-3 ml portions of H.ZO and discard washings. Place the ocation
column on top of an anion column (Dowex AG 1-XB, 50-100 mesh, 8 mm diam, 4=5 -
long) and alute with 6-9 ml 6M HC1l letiing eluate from cation column drip.
through anion column., The Mn is in the eluate fram the anion column. Collesct
the eluate in a clean centrifuge tube, add 10M NaOH dropwise to precipitate
Mn(OH),. Centrifuge,

Step 10. Dissolve the precipitate in 10 ml cone HNO_, boil solution until

30
no color left, then repeat W acavenge.,' step 2,

Step 11. Repeat step 3.

Step 12. Repeat Fe scavengs, step L.

St.ép 13. Repeat MnS precipitation, step 5.

Step 14. Repeat PdS scavenge, step 6,

Step 15. Repeat Zr phosphate scavenge, step 7.
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Step 16. To the supernate add conc NHhOH dropwise until thoh'EZo
precipitates and then heat on a steam bath for 3-5 min. Centrifuge, discard
supernate. Disaolve precipitate in L-5 drops cone HCl. Dilute to 20 ml with
H’ZO’ add a few drops asrosol and centrifuge, Save the supsrnate in a clean tube
and reprecipitate MnNHhPOhﬂzo by addiﬁg (Nﬂh)ZHPoh then NHhOH. Filter onto &
welghed No. 42 Whatman 7/8" (about 2 cm.) filter circle using a ground off
Hirsch funnel and a filter chimmey., Wash the precipité.te first with 0.1 M NHhOH :
and then ethanol. Dry at 110°C, cool, weigh, and mount.

Notess

Manganese carrier 1s made by dissolving 22.9 grams MnCl2 in H20 and
diluting to 1 liter. To standardize, a 2.00 ml aliquot is pipeted into a
LO ml eentrifuge tube, 5 drops conc HCl added, then 3 ml 1.5M (NH).;)ZHPO s then
NHhOE added to make the Solution basic, The solution is heated fo boiling,
then let standing for 10 min. The precipitate is then filtered quantitatively
- into a waighed sintered glass crucible, washed with 0.1 M NHhOH, then aloohol,

then dried at 110°C and weighed as HnNHhPOh-HzO.

Procedure 3
Introductions
11

Bven with fairly low power reactora, flux around S x 10 n/cmzsec,
manganese can be determined at the nanogram level, Manganese is determined by
camparing the 56Hn activity produced in the unknown with that produced in a
dilute Mn in 41 alloy comparator sample., Iron and cobalt can interfere due to
the fast neutron reactions: 56Fe(n_,p)sél(.n and 59(20(1:1_,c!.)5611n. Since these
reactions, unlike the 55l{n(n, Y)Séﬂn reaction, do not occur with thermal neutrons
the interféramce can be mihimised by irradiating the samples in a highly
thermalized flux., Also, the 5 6Hn produced from iron and oobalt can be deter=-
mined by irradiating the samples in a hard (large fast neutron componsnt) flux
and a highly themmalized flux,
Sources

W. T. Mullins and G, W. Leddicotte, ™Activation Analysis of Manganese -
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Reaotor Irradiation Source®, Oak Ridge Master Analytical Mamual, 5 11480(%%),

R_a_agenta:
NHhOH 15N, stock 28% NH

3°

Coagulant No. 78. Slurry 1 g of No. 76 ore flocculant vegetable colloid
(Burtonite Company, Nutley, New Jersey) in 1 liter H,0.

(021-15)20, anhydrous.

Holdback carriers, about 10 mg/ml.

6N HCl, 500 ml comc, HC1l per liter solution.

0% H,0,.

Dilute (typically about 1,1%) Mn in Al alloy, spectrographically pure,
comparator sample.

31'1_HN03, 195 ml conoc. HNO3 per liter solution,

KC10,, solid. '
Sampless

Unknowns, welgh out to better than 1%, 100 to 200 mg samples of solid or
take to better than 1%, 5 to 25 ml samples of liquids, Comparator samples,
welgh 25 to 30 mg samples to * 0.1 mg,
Irradiation:

Irradiate samples in polyethylene or quartz ampoules. Irradilate for about
2.5 hours (less if ultimate sensitivity not needed).

Procedures

A, Comparator samplest Transfer quantitatively to a 10 ml volumetiric flask.
Dissolve in minimm cone., HCl, dilute to volume, mix well (watch radiation
dose). Take 1,00 ml aliquots in 50 ml centrifuge tubes, add 2.00 ml stand-
ardized Mn carrier plus about 1 ml each Cu++, Ni“, and Na© holdback carriers,
Dilute to 20 ml with H20, mix, make alkaline with NHhOH and continue as in
part C,

B, Unknownss If solid, transfer quantitatively to a 50. ml centrifuge tube,
add 2,00 ml standardized Mn carrier and about 1 ml each Cu' ', M'', and Na*

holdback, Add sufficient mineral acid to dissolve sample, heating if necessary.
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Dilute to 20 ml,-ma.ke basic with N'EhOH, and continue as in part C. If liquid
unknown, pipet & known aliguot into a 50 ml centrifuge tube, add 2,00 ml
standardized Mn carrler and about 1 ml each Cu ', N4*", and Na® holdback,
dilute to 20 ml, make basic with NH)_LOH, and contirme as in part C.

C. Radiochemical separation:

S8tep 1. To NHhOH solution add 5 drops 30% 3202 ’ heat to boiling and
centrifuge, saving the Hn02 precipitate, Wash precipitate first with 20 ml
1M M) OH then with 20 ml 3 HNO, (Note 1).

Step 2. Dissolve l"InO2 in 2 ml &N HCl and dilute to 10 ml with conc. HNO3.
Heat and boil 30 sec. Add solid KGlO3 in 0,5 g increments, heating to 75°C
after each addition (Note 2) until MnO, precipitstion is complete. Centrifuge,
wash MnO, precipitate with 25 ml M HNO3.

Step 3. Slurry MrnO2 with a little H20 plus coagulant No. 78. Filter Mn )
through a weighed filter paper circle held in a Hirach funnel, Wash three |
times with 5 ml portions each of H,0, 95% C2HSOH’ then ethyl ether., Dry at
100°C and weigh to determine manganese yleld, then moﬁnt for counting. The
chemical yleld should be well over 50%.

D, Counting:

The 56H.n can be determined by either beta or gamma counting., Gamms
counting with a scintillation spectrometer, or even better a lithium drifted
germanium spectrameter, is preferéble since the 5 6Mn activity can usually be
é.ccurately determined in the presence of radloactive impurities. Since the
manganese activity of the unknown 1s being mea&u.red against a lmown comparator
sample, 1t is only necessary to mount and count the unknown and known samples
in exactly the same way and to correct for decay and chemical yleld,

Beta Counting:

Mount the unknown and kmown comparator samples in the same way, usually on
a cardboard mounting card, covering them with a thin layer of cellophane or
Scotch tape to contain the samples. Using a Geiger-Mifller counter or a flow
proportional .counter determine the background amd the .counti.ng rates (at the
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same geametry and with the same added absorber) of the known and unkmown,
Correct the counts to the same decay time and for chemlcal yields and calculate
the manganese content of the unknown., If the Mno2 Bamples are of considerably
different size, errors wlll be introduced because of sample self absorption and
backscattering, Emplrical corrections can be applied,

If the radiochemical purity of the unknown esample is questionable, follow
the decay of the sample or take an alumimumm absorption curve,

Camma Countingt .

Mount the unlmown and known camparator samples in the same way and count
at the same counter geametry and with the same added absorber., Use a scintil-
lation spectrameter or a Ge(Li) spectrometer. Determine the peak counting rate
of the BL7 keV photopeak by integrating under the peak and subtracting off the
extrapolated Compton background from the higher energy gamma rays, I1f the
semple is radiocchemiecally pure it 1s sufficiemt to integrate over the peak and
subtract the counter background ln the same channels, If there is an inter-
fering impurity, integrate the 1811 or 2110 keV photopeaks, Correct for the
difference in decay times and chemical ylelds and calculate the manganese in
the unknown, It may be comvenient to count the sample first (e.g. still in the
centrifuge tube) and determine the manganese yleld colorimetrically later.

l. Tt is imperative that all the 3202 be washed out before the l‘InO2 is
washed with M HNOB, otherwise :L£ will dissolve,

2. KBrO3 can be used instead of l((:lo3 to precipitate Mnoz. . It reacts
more rapldly but gives a less easily filterable precipitate., Step 2 of the
procedure can be repeated for greater purity.

Procedure 4
Introduction:

Tetraphenylarsonium permanganate is extracted by CHCl., relatively few

3!
other elements extract; it is therefore & good purificatiom step for Mn. In
this procedure a substoichiametric amount of tetraphenmylarsonium chloride is
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used so that the yields for the unknown and comparator samples will be
essentially the same,
A, Zeman, J. Prasilova and J. Ruzicka(loo)
Reagents:

1N and conc. HQSOu

Mn carrier, l.8xl()”2 M MnSOh

HBPOh, 85%

AgNO,, 1% solution

3
(NHh)28208
NHhOH solution
tetraphenylarsonium chloride, 2x10™
CHCl3
Procedure:
Step 1. Irradiate unknown and comparator samples., Dissolve samples in
10 ml 1IN HZSOh (samples were chalk) (Note 1). Add 0,60 ml Mn carrier, 2 drops
85% H3P0h, and dilute to 50 ml with water (Note 2)., Now add 1 ml conc. sto s

1ml 1% AgNO_, and 1 g (NHh)QSZOS and heat to oxidize manganese to Mnog. Boil to

3
destroy excess persulfate.

Step 2. Cool, adjust pH to 8-9 with NHhOH (Note 3). Transfer to a
separatory funnel, add 2,00 ml 2xlO-3M tetraphenylarsonium chloride then add

5.00 mL CHCL, and extract permanganate for 3 minutes (Note l).

3

Step 3. Either measure activity in 3.00 ml of the CHCl, extract or

3
evaporate to dryness and take up in 2 ml hot conc. HCl., Proceed in the same
way with both known and unknown samples and assume yields the same for both.
Notes:

1. H280h is the best acid for dissolution since SOZ is not extracted.
With HCl, Fe(III), Sn(IV), Pd(II), etc. can interfere, Nitrate extracts.

2, If Ay, Re, or Tc are present, add a purification step by extracting

manganese diethyldithiocarbamate complex. To the sample in stoh with Mn
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carrier added and pH adjustad to 8 add 5 to 10 fold excess Na diethyldithio-
carbamate and extract preclpitate with 10 ml CH013. The Mn(II) is air oxidized
to Mn¢III) and extracts as the Ma(IIT) complex‘l°%),

3. At pH 8, nao; and Croj do not extract.

L« A substolchiometric amount of tetreaphenylarsonium chloride is used.
Manganese in the unknown ie equal to the manganese in the comparator sample
times the ratio of the activities in the unknown to the camparator sample
(corrected for decay).

Procedurs 5
Introductions

This procedure was developed to separate and concentrate manganese prior
to colorimetric analysis. It 1s based upon Bsolvent extraction and could be
adapted for activation analysis,

Scurces

W. B. Healy, Anal. Chim. Acta, 3, 228, (1966)(5%2)

Reagentss
cltric aecild
N‘HhOH, A, 1M
sodium diethyldithiocarbamate
CHC1

3
HC1, ™M

B30,

I'INO3

HCth
Procedures

Step 1. Ash bone, teeth, milk, etc. unknowns. Irradiate with known
comparator. samples, Add 2 g cltric acid per gram ash and dilute to about 175ml,

Step 2. Adjust pH to abouf 5.2 by adding &M NHhOH using a glass electrode
and a pH meter to monitor the pH., Add 0.} g sodium diethyldithiocarbamate

(DIECA). Adjust pH to 5.3 with 1 M NHhOH and dilute to 200 ml,

51



Step 3. Extract with 25 ml CHC1 Extraction causes pH to rise to about

3.
5.8, readjust to 5.3 with about 1 ml 3 M HCl, Aboat 0% of Mn in extract.

Step 4, Add O.4 g more DIECA and reextract; about 90% of remaining Mn
extracts., Ca phosphate only very slowly precipitatea.

Btep 5. Bvaporate CHCl, extracts, digest with H230h - HNO, - HGth.

3
Count and determine Mn colorimetrically.

3

Procedure 6

Introductions

TTA will complex Mn(II) at a fairly high pH. The extraction of the TTA
camplex has been used to purify manganese for activation analysis. The samples,
if blologlcal, are ashed and irrasdiated in & neutran flux of about 7.5 x 10%2
n/cmzaec.
Sources

F. Kukula, B. Mudrova and M. Krivanek'>’),
Reagemtss

Mn carrier, MnSO) in H0, 1 mg/ml

Buffer, GH3COONHh plus NHI*OH

sodium tertrate, 10%

kF, 20%

thenoyltrifluorcacetone (TTA) in ethanol, 0.11 M

TTA in ethyl acetate, 0,2 M

hydroxylamine hydrochloride

HC1
Procedures

Step. 1, Disasclve irradiated ash, etc., in HCL (use HNO, - HF for 2r-Al

3
alloy). Add 2 ml Mn carrler, 3 ml 10% tartrate, 3 ml 205 KF (Note 1), 10 mg
hydroxylanine bydrochloride, and adjust pl to 8 - 8.5 with the NE,OH - CH,CO0NH)
buffer (Note 2). Add 0.5 ml TTA in ethanol (complexes about 70% of Mn).

Step 2, Extract 2 to 3 min with 10 ml TTA in ethyl aéetate. Meagure gamma

spectrum of extract. Determine ylelds colorimetrically.
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 Notess

1. Zr, Hf, Wb, Th, Fe, Sc, and Sb are ﬁrevented from extracting by the
fluoride and tartrate, Cu and Co by the NHhOH.

2. Mn(OH)2 does not precipitate at pH 8-8.5, Hydroxylamine hydrochloride
is added to prevent the air oxidation of Mn(II).

Procedure 7

Introductions

This procedure was developed for the neutron activation analysis of
manganese in blologlcal material (blood). It glves & manganess yleld of
60 - 90% and takes sbout 2.5 hours for eight samples., The fraction of tha.
left is sbout 5 x 10~°% and P, 2.2 x 1074,
Sourcet

(101)

H. J. Bowen as reported by Leddicotte(97).

Reagentas
funing I-INO3
standardigzed Mn carrier
holdback carriers, abont 10 mg/ml, of Br, Cl, Co, Cr, Cu, Fe, Ni, Na,

K, ¥, and Zn,

8,0,, 303

Na.2003 solution

&4 HC1L

(N'Eh)ZHPOh solution
CH GOONHh solution

3

M
I:II\IO3

NaBr03 solution, saturated
acetone '
Procedures
8tep 1, Dissolve the irradiated blood in hot fuming nitric acid containing
50 mg manganese carrler and the holdback carriers listed under reagents. Pre-
cipitate manganese dioxide by adding Na.C103 solution and heating., Centrifugs,
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discard supernate,
Step 2., Wash Hn02 twice with water, centrifuge and discard washes.

Step 3., Diseolve MnO, in acidified 11202 s then precipitate ano3 by adding

2
Na2003 solution. Centrifuge, discard supernate.
Step 4. Wash precipitate with water. Dissolve precipitate in dil ICl

and add FeCl., ammonium phosphate, and ammonium acetate solutions, Precipitate

3!
Fe(OH)3 with NHLOH. Centrifuge and save solution. Repeat scavenge by adding
more Fe carrier, centrifuge, and save solutlon,
Step 5. To solution add enough Na2003 to precipitate HnGOB. Centrifuge
and save precipltate. .
Step 6. Dissolve the MnCO

in 2N HNO_ and precipitate MnO, by adding
2

3 3
saturated NaBr0O., to the solution and heating, Centrifuge, save precipitate,

3

Step 7. Wash the Hn02 three times with water and once with ac_etone.
Centrifuge, discard washes. Transfer Mn02 to a weighed counting tray, dry
under an infrared lamp, and weigh to determine chamical yleld.

8tep 8. Cover tray with Scotch tape and beta or gamma count 5614:1.

Procedure 8

Introductions

This procedure was developed for the neutron activation analysis of
manganese in biological materlals (tomato seeds). It gives good decontamination
from P and Na and takes about 2.5 hours. Chemical yield should be 60 - 90%,
Sources

H. J. M. Bowen and P. A. Cawge'102)

Reagentss

HNOB, cono.

as reported by Leddicot.t.e(97).

standardized Mn carrier
Cu, ¥, Pog' holdback carriers, about 10 mg/ml.
NaClOB, saturated solution
2M HCL
0% 10,
54



NHhOE, conce
GHJOOCNHh solution

11'9(1103)3 in dil1 HNO. about 10 mg/ml Fe

NE, BP0,
Ou(NOB)z, about 10 mg/ml Cu

3

amoniun sulfide solution
Procedures

Step 1. Tramsfer the irradiated tissue from the irradiation contalner to
a 50 ml centrifnge tube, Add 10 ml conc HNOB, 10 mg Mn carrier and holdback
carrier of Cu, Y, and Pog-. Boil the mixture until the tissue dissolves. Add

1 ml NaClO., heat, centrifuge and save l{no2 precipitate.

3’

Step 2. Wash the hoz‘twice with 5 ml H,0. Centrifuge, discard wash,
Diasolve l‘!no2 in 3 ml 2N HC1l and min. H202 and then add NHhOH and CHBCOONHh.
Be sure all H202 18 boiled out first., To this mixture at_ld 5 drops of Fe(N03)3
and one drop NHhHZPOh' Centrifuge, discard precipitate,

8tep 3. Acidify the supernate with 2N HCl, add 3 drops Cu(N03)2 and
enough NHhEB to precipltate CuS. Centrifuge, saving supermate. Wash CuS
once with 2N HC1l and add wash to supernate,

Step L. Make the solution alkaline with 3 ml NE, HS and NE,OH, boil, then
centrifuge, 8Save MnS precipitate,

Step 5, Wash Mn8 twice with H,0. Cantrifuge. Dissolve MnS in 10 ml of
cone I-INO3 and add 1 ml Na.ClOJ. Boil (csution!), centrifuge and discard
supernate,

Step 6. Wash the MnO, precipitate with three 10 ml portions of hot water.
Discard waahes;

Step 7. Slurry the Hn02 precipitate with water into a weighed counting
tray. Dry under an infrared lamp, cool, weigh to determine yield,

Step 8, Cover the tray with Scotch tape and beta or gamma count 56Hn.
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Procedurs 9
Introductions
This procedure was developed to determine manganese isotopes in cyclotron
irradiated copper., The separation time is 30 min, and a decontamination of
greater than 103 from other elaments is reported. Chemical yleld about 75%.
Sources

(103)

Batzel as reported by W, W. Meinke Several other manganese

procedures are given by Meinke, They are similar to this procedure except a

different step i1s included to remove the target material.

Reagentss
HNO 32 conc.

Standardized Mn carrlier

Holdback carriers, 2¢n, M, Co, Fe, Cr, V, Ti, Sc, Ca, and K. About 10 mghi

HZS gas

HCl, &
NHhOH, conc.

KCl10 3 solid

Hy0,, 30%
Procedures

Step 1. Disasolve the copper in the minimm amount of conc HNO Boil

3°
almost to dryness, add carriers, Zn and below, including 5 mg of standardized
Mn. Make about 1M in HCL.

Step 2. Preclipitate CuS by bubbling in HZS' Centrifuge, save supernate,
Make supermate alkalime with NHhOH and bubble in more HZS to precipltate
sulfides including MnS, Centrifuge and wash,

Step 3. Diseolve sulfides in L ml fuming HNO Add 2 or 3 crystals of

3.
Kc103 and boil gently for 2 minutes to precipltate Mnoz.

8tep L., Wash precipitate with H,0, thenm dissolve in minimum I-INO3 and

H,0,. Again add holdback carriers and make 16N in HNO Heat and precipitate

3.
MuO2 with KGlO3 as in step 3.
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Step 5., Wash, f:ther,. dry, weigh, and mount Hx102 precipitate. Beta or

gamma count,
Procedure 10

Introduction2

The manganese yleld fram a radiochemical separation can oftem be more
conveniently determined by colorimetric analysis than by welghing., If the
concentration of manganese 1s in the optimum region, a precision of 0.5%
standard deviatlon can be obtained, considerably better than that obtained
by welghing MJ:O2 or MnNHhPoh'HZO‘
Source:

I. M. Kolthoff and P. J. Elving, "Treatise on Analytical Chemistry" (347,

;lle&gents 2

a I-]NO3

H0,, 30%

stoh, conc.

HBPOh’ 852

IC[Oh, solid
Procedures

Step 1. After counting is campleted analyze the sample, If the sample
18 solid, dissolve it in &4 HNO3 (plus a little H,0, in the case of Mnoz)
and make up to a convenlent volume (10.0 ml) in a volﬁmetric flask, and take
an aliquot estimated to contain 0,5 to 1.0 mg Mn, If the sample is liquid,
take a same sized aliquot.

Step 2, Add the aliquot to about 10 ml &M HNO., boil to ramove H,0, and

3’
oxidize Fe(II) and other reducing agents. If the solution contains much HC1,
the aliquot should be added to conc. Hasoh and the eclution evaporated to fumes
of 503. Then, after the solution 18 cold, carefully add about 10 ml &M HNOB'
Step 3. Dilute the solution to about 20 ml with H,0 and add about 5 ml
85% HBPOLL (decolorizes Fe(III)), then about 0.1 g'KIOj_L. Heat to bolling and

boil very gently for about 1 min., then add 0.1 g KIoh more and again boil
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gently for 1 min,

Step 4. Cool solution, transfer to a 100 ml volumetric flask, make up to
volume, take pamples and determine the transmittance at 525 ni11imi crons using
a spectrophotameter,

Step 5, Take a series of lknown manganese samples, oxidire, and establish

a working curve, For a narrow band spectrophotometer, Beer's law holds.
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